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METHOD FOR PRODUCING AN IMPLANT
HAVING AT LEAST ONE BREAK LINE

BACKGROUND OF THE INVENTION

The present invention relates to a production method for an
implant.

In implants, it can be advantageous if, for example, indi-
vidual screw holes or openings can be selectively opened.
This is particularly important in hip joint sockets, since abra-
sion particles from the joint socket can pass through unused
screw holes into the area between implant and bone. How-
ever, in osteosynthesis plates, it can also be advantageous to
selectively close individual screw openings or to be able to
remove certain areas of the implant.

It is therefore proposed in FR 2826865 to produce hip joint
sockets in which the screw holes are closed by covers that are
secured on the outside of the joint socket by individual weld
points. If one of the screw holes is needed, the cover can be
removed by breaking these weld points.

U.S. Pat.No. 5,782,929 discloses a hip joint socket made of
titanium, in which the screw openings are closed by titanium
plugs that have been sintered with the joint socket. The plugs
are produced separately from the hip joint socket and are only
later fitted into the openings. The plugs are connected to the
socket by sintering for several hours in an oven at ca. 1200° C.

A disadvantage of the two methods described is that the
production of such joint sockets involves several steps and, as
aresult, is correspondingly complex. In addition, the strength
of'the connection of the covers or plugs to the joint socket can
be different depending on the opening.

WO 2010/023447 describes a prosthesis made of carbon-
fiber-reinforced polyether ether ketone (CFR-PEEK). In one
embodiment, the screw openings can be closed by pieces that
can be broken out. During production, a predetermined break
line is in this case created in the area of the openings by means
of' targeted reduction of the material thickness. The prosthesis
can be produced from one piece by machining or can also be
produced by injection molding.

It is known from EP 0 701 420 that hip joint sockets with
removable covers that can be broken out can be produced by
drilling cylindrical blind holes on the inner face of the socket.
The blind holes are formed in such a way that a material
thickness of below 0.65 mm remains between the outer face
of the joint socket and the end of the hole. In this way, the
cover over the blind hole can be broken out when so required.

FR 2 838 329 describes a hip joint socket having screw
openings closed by covers that are connected materially to the
hip joint socket. The covers are bounded by an area of reduced
material thickness, which allows the covers to be easily bro-
ken out. Toward the interior of the joint socket, the covers
have additional projections, into which further plugs can be
fitted.

It is likewise known from U.S. Pat. No. 5,370,702 that
removable covers over screw openings can be produced by
reduced material thickness. The covers disclosed in this
patent have, in the direction of the interior of a hip joint
socket, spike-like projections that can be gripped by a suitable
tool and that make the covers easier to break out.

EP 1 338 256 describes a hip joint socket with screw
openings that can be punched out. The material thickness of
the hip joint socket is reduced in the area of these openings in
order to make them easier to punch out. This document also
describes tools for punching out the screw openings. The area
with reduced material thickness can additionally have a cir-
cular notch in order to additionally reduce the punching-out
force needed for removal.
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The stated covers have the principal disadvantage that
problems are caused by their production by machining and by
the necessary small material thicknesses, since these material
thicknesses often lie within the fault tolerance of customary
machines in the case of multiple clamping. Moreover, on
account of the required precision, their production is labori-
ous and expensive.

SUMMARY OF THE INVENTION

It is now an object of the present invention to make avail-
able a method of the type mentioned at the outset that avoids
the stated disadvantages and that permits very precise dimen-
sioning of the predetermined break line, without adjacent
areas being deformed or being influenced in terms of their
dimensional accuracy or otherwise overloaded, e.g. ther-
mally. Moreover, the method is intended to be inexpensive
and to be suitable for implants of different design.

In the method according to the invention, a semi-finished
implant is produced in a first production process that prefer-
ably involves machining. A predetermined break line is then
created by deforming the material and reducing the material
thickness.

The first method step can be performed by a known pro-
duction process, for example milling and/or turning. There-
after, the predetermined break line is then produced. Depend-
ing on the design of the implant, it may be advantageous ifthe
wall portions provided for the arrangement of the predeter-
mined break line have been substantially pre-formed by the
first production process, for example by arrangement of a
depression or similar. It is particularly preferable for at least
one blind hole to be formed in the semi-finished implant, with
a predetermined break line being impressed on the bottom of
said hole in the second method step.

A particularly advantageous aspect of the method accord-
ing to the invention is the fact that, by deforming the material
at the predetermined break line, it is also possible to effi-
ciently achieve very small wall thicknesses. Moreover, a pre-
determined break line can also be formed on an implant with
complex surface geometry. Moreover, the minimal wear of
the used embossing dies means that a very high degree of
reproducibility can be achieved.

In the method according to the invention, the deforming of
the material is preferably performed by forming under pres-
sure in the cold state and also in the hot state. Different
embossing dies can be used depending on the geometry thatis
to be achieved. By varying the embossing pressure and/or the
path of movement, the wall thickness can also be varied in the
area of the predetermined break line. In the case of high-
strength materials, the embossing force can be reduced by hot
working, or the degree of forming can be deliberately
increased.

In the method according to the invention, the deforming of
the material is preferably performed in such a way that the
forming forces or the material flow are directed into the
closure portion. The embossing die can be of such a nature
that the embossing forces, generated by the embossing pres-
sure, and the resulting material flow can be directed into the
closure portion. This prevents disruptive deformations occur-
ring on the implant body for example. In addition, this permits
the production of predetermined break lines that are very thin,
extend in any desired manner and break off with high preci-
sion.

The removable closure portion is preferably produced in
such a way that at least one engagement means for the attach-
ment of an instrument is formed. This engagement means
preferably has the form of a material projection with an
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undercut. However, the engagement means can also have
other forms, for example slits for engagement of a screw-
driver, threads or the like. Such an engagement means has the
advantage of making it easier for the closure portion to be
broken out. Moreover, an engagement means arranged asym-
metrically with respect to the predetermined break line per-
mits a reduction of up to 80% in the maximum force needed
to remove the closure portion.

The wall thickness in the area of a predetermined break line
is reduced preferably to 0.01 mm to 1 mm, particularly pref-
erably to 0.1 mm to 0.3 mm, by the deforming of the material.
This wall thickness is sufficient to prevent inadvertent break-
ing out of the closure portion, while still being thin enough to
allow an opening or recess to be exposed under the effect of
force and without mechanical assistance. This makes it pos-
sible, for example, to remove individual closure portions
during the operation, sometimes even with the implant
already inserted.

Moreover, the method can preferably be such that, during
the deforming of the material, the closure portion is addition-
ally bent convexly. Alternatively, the deforming of the mate-
rial can also create closure portions that are bent concavely or
that have an undulating form. Concave or convex bending of
the closure portion can make the latter more easily accessible
for removal and can make the removal itself easier.

The wall portion surrounding the predetermined break line
can be supported during the deforming of the material. This
prevents deformation of the surrounding material by the com-
pressing pressure.

A further object of the present invention is to create an
implant comprising a wall portion having at least one prede-
termined break line.

The implant according to the invention has a wall portion
with at least one predetermined break line that is created by
means of weakening of the material thickness by deforming
the material.

The implant is preferably a joint socket, particularly pref-
erably a hip joint socket. Alternatively, however, the implant
can also be designed as a shoulder joint socket, a femoral or
humeral shaft implant, a knee prosthesis, an intramedullary
nail or an osteosynthesis plate.

The closure portion delimited by the predetermined break
line is preferably formed in a circular, oval, elliptic or polygo-
nal shape, or as a combination thereof.

Alternatively, the closure portion can also be formed on the
implant in such a way that it is bounded at least partially by an
outer edge of the implant. In this way, removable edge areas
can be produced on an implant, for example on an osteosyn-
thesis plate.

The implant is preferably made of a metallic material,
particularly preferably of titanium, a titanium alloy, a cobalt-
chromium alloy, a magnesium alloy or a steel alloy. Alterna-
tively, the implant can also be made of a non-metallic mate-
rial, e.g. polyether ether ketone (PEEK) or polyoxymethylene
(POM).

The closure portion preferably has engagement means for
the attachment of an instrument. This engagement means is
particularly preferably designed, for example, as a mush-
room-shaped material projection with an undercut. This per-
mits simple and safe removal of the closure portion by an
instrument.

Further advantages can be achieved if the wall thickness at
the closure portion increases in at least one loading portion
with increasing distance from the predetermined break line
toward the center of the closure element, in such a way that the
material cross section perpendicular to the closure portion is
always approximately the same size in surface terms at each
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point of the loading portion. This condition can be met par-
ticularly advantageously on a closure portion having a rota-
tionally symmetrical design. With increasing wall thickness
toward the center, the radius also decreases, whereby the
cylinder surface of the material cross section remains identi-
cal at each radius. In the case of very thin closure portions, it
is thus possible to prevent uncontrolled tearing-off outside the
predetermined break line.

A particularly advantageous device for carrying out the
method has two embossing dies designed as female mold and
male mold or two embossing dies designed as male mold. In
addition, the device can have a support element that supports
the wall portion adjacent to the predetermined break point.
The prevents the occurrence of unwanted deformations out-
side the predetermined break line and permits exact position-
ing of the semi-finished implant in the device.

The removal of the closure portion is advantageously per-
formed using a suitable instrument. For example, the instru-
ment has an elongate handle and engagement means. The
engagement means can be connected releasably to the closure
portion.

The elongate handle can be used to apply a force for remov-
ing the closure portion from the wall of the implant. The
engagement means are used to transfer the force from the
handle to the closure portion, and the closure portion can thus
be removed safely and easily from the implant wall.

The engagement means are preferably designed in such a
way that they can be connected to an engagement means
arranged on the closure portion. In this way, the closure
portion can be connected securely to the instrument, which
also permits removal of a closure portion when the implant is
already inserted.

A closure portion according to the invention can also be
removed by being subjected to pressure forces or tensile
forces. This can be performed, for example, by pressing or
striking and by pulling. Alternatively, a closure portion
according to the invention can also be removed by bending or
turning forces.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and individual features of the invention
will become clear from the following description of illustra-
tive embodiments and from the drawings, in which:

FIG. 1 shows a schematic cross section through an implant
according to the invention,

FIG. 2 shows a cross section through a closure portion with
predetermined break line, in a greatly enlarged view,

FIGS. 3a-3e show five different schematic cross sections
through removable closure portions with predetermined
break lines,

FIG. 4 shows a schematic view of a device for producing an
implant,

FIGS. 5a/5b show schematic views of the shaping process
of the method according to the invention,

FIG. 6 shows a partial cross section through an implant
with an attached instrument for breaking out a closure portion
according to the invention,

FIG. 7 shows an alternative illustrative embodiment in a
perspective view and partially sectioned,

FIG. 8 shows the implant according to FIG. 7 with a closure
portion broken out,

FIG. 9 shows the implant according to FIG. 8 with a screw
inserted into the freed opening,

FIG. 10 shows a greatly enlarged cross section through a
further closure portion with an undercut,
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FIG. 11 shows a perspective view of a further closure
portion,

FIG. 12 shows the closure portion according to FIG. 11
from another perspective.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1is a schematic cross section of an implant 1 in which
closure portions 2 delimited by predetermined break lines 3
have been formed by the method according to the invention.
The implant 1 is configured by way of example as a hip joint
socket. Alternatively, however, the implant can also be
another implant, for example an osteosynthesis plate. The
implant 1 has, for example, two closure portions 2. However,
animplant 1 can also have only one closure portion 2 or more
than two closure portions 2. The closure portions 2 can be
arranged in any desired arrangement on the surface of the
implant 1.

FIG. 2 shows a schematic section through a closure portion
of an implant, in which a closure portion 2 delimited by a
predetermined break line 3 has been formed using the method
according to the invention. Compared to the surrounding wall
portion 7, the predetermined break line 3 has a smaller mate-
rial thickness D. The material thickness D is typically less
than 1 mm. The material flow obtained by the shaping pro-
cess, indicated by way of example by arrows, is preferably
directed specifically into the closure portion 2. Alternatively,
however, the material flow can also be directed specifically
into the surrounding wall portion. The closure portion 2 has
anengagement means 4 which, in this example, is designed as
a material projection with undercut 5. Alternatively, the
engagement means 4 can also have other shapes. The closure
portion 2 additionally has a concave arch 6. Alternatively, the
arch 6 can also be convex or undulating. Alternatively, the
closure portion 2 can also be flat.

FIGS. 3a to 3e show different embodiments of closure
portions 2 of an implant according to the invention. The
embodiment in FIG. 3¢ has an engagement means 4 with a
cylindrical or prismatic configuration. FIG. 35 shows an
embodiment with a frustoconical engagement means 4. In
this embodiment, the predetermined break line 3, which
delimits the closure portion 2, has a greater material thickness
than the embodiment in FIG. 3a. Another variant is shown in
FIG. 3c¢. Inthis variant, the outside of the closure portion 4 has
a convex arch 6. The closure portion 2 shown in FIG. 3a can
be an intermediate step in the production of the closure por-
tion 2 in FIG. 3c¢. FIG. 34 shows another embodiment of a
closure portion 2 in which the material thickness of the pre-
determined break line 3 has been reduced on both sides of the
wall of the implant. FIG. 3e shows another embodiment of a
closure portion 3. In this embodiment, the engagement means
4 is not arranged centrally and symmetrically on the closure
portion 2, but eccentrically. The individual features of the
described embodiments of the closure portion 2 can be com-
bined with one another as required. Different embodiments of
a closure portion 2 can also be present on the same implant.

FIG. 4 shows a device 9 for producing an implant 1. The
implant 1 is clamped between the two dies 10, 11. Support
element 12 additionally supports the implant 1.

FIGS. Sa and 5b show an illustrative embodiment of the
method according to the invention on the basis of a sectional
view through a device. The situation before the deforming of
the material can be seen in FIG. 5a. The semi-finished implant
1, produced by a first production method, is clamped into the
device 9 between the dies 10, 11. The implant 1 is additionally
supported by the support element 12. The correct orientation
of the implant 1 with respect to the dies 10, 11 is obtained
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using the guide element 13. FIG. 56 shows the device 9 and
the implant 1 during the deforming of the material. The two
dies 10, 11 are pressed against each other. The support ele-
ments 12, 13 support the wall portion 7 surrounding the
predetermined break line.

FIG. 6 shows a sectional view of an instrument 14, which is
connected releasably to a closure portion 2. The instrument
14 comprises an elongate handle 15 and engagement means
16. In the embodiment of the instrument 14 shown here, the
engagement means 16 are composed of an elongate hollow
body with at least the same cross section as the engagement
means 4. The handle 15, at least in the area of engagement
means 16, is likewise designed as a hollow body that is
arranged movably over the engagement means 16. In the
example shown, the handle 15 is divided into three parts in
this area, which parts are separated from one another by
tapering slits. By pushing the handle 15 over the engagement
means 16, the cross section thereof narrows or the three parts
are pressed concentrically toward one another. In this way, the
engagement means 16 can engage on the engagement means
4. The engagement means 16 preferably has additional means
that are able to engage in the undercut 5 of the engagement
means 4.

FIGS. 7109 show, once again schematically, the process by
which a screw opening on an implant 1 in the form of a hip
joint socket is exposed. The outer face of the shell can have
any desired surface structure in order to ensure better anchor-
ing in the bone. After a closure portion 2 has been broken off,
if appropriate with the hip joint socket already fitted in place,
an opening is exposed that forms a screw funnel 17. A screw
18 is inserted into this screw funnel, the head of the screw
having a design matching the screw funnel 17.

FIG. 10 shows a closure portion 2 with engagement means
4 that are mushroom-shaped in cross section. The material
thickness D increases continuously, in the area of a loading
portion 20, from the predetermined break line 3 toward the
central axis 19. The loading portion corresponds approxi-
mately to the circular ring between the predetermined break
line 3 and the smallest diameter at the undercut 5. The mate-
rial cross section around the central axis 19 is the same in
surface terms at the radius R1 as at the radius R2. This derives
from the equation 2xR1xmxD1=2xR2xntxD2. This configu-
ration ensures that, when the closure portion 2 is engaged, the
material breaks at the predetermined break point 3 and not in
anuncontrolled manner somewhere in the loading portion 20.

FIGS. 11 and 12 show a further illustrative embodiment of
a closure portion 2, which has already been broken out here.
The engagement means 4 is approximately cylindrical and
has a bevel at the upper edge. The undercut 5 is also cylindri-
cal.

The invention claimed is:

1. A method for producing a hip joint socket implant,
comprising at least one wall portion having at least one pre-
determined circular break line which delimits a closure por-
tion that can be removed from the wall portion under the
effect of force in order to expose an opening, said method
comprising steps of:

producing a semi-finished implant in a production process,

wherein the production process involves machining,
whereby the predetermined break line is substantially pre-
formed by said first production process,

then clamping the semi-finished implant in a device

between two dies,

whereby the implant is supported by a support element,
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and the correct orientation of the implant with respect to
said dies is obtained using a guide element which sup-
ports the wall portion surrounding the predetermined
break line,

and finally creating the predetermined break line, whereby

the two dies are pressed against each other thereby
reducing the wall thickness in the wall portion by
deforming the material in the area of the predetermined
break line under pressure in a cold or hot state.

2. The method as claimed in claim 1 wherein the deforming
of'the material is performed in such a way that forming forces
or material flow are specifically directed into the closure
portion or the implant.

3. The method as claimed in claim 1 wherein the removable
closure portion is produced in such a way that at least one
engagement means is formed for the attachment of an instru-
ment.

4. The method as claimed in claim 3 wherein the at least
one engagement means is a material projection with an under-
cut.

5. The method as claimed in claim 1 wherein the wall
thickness in the area of the predetermined break line is
reduced to 0.01 mm to 1 mm.

6. The method as claimed in claim 1 wherein during the
deforming of the material the closure portion is additionally
bent convexly or concavely or into an undulating form or into
a straight form.

7. The method as claimed in claim 1 wherein the implant is
made of titanium, a titanium alloy, a cobalt chromium alloy
and/or a steal alloy.

8. A method for producing an implant comprising at least
one wall portion having at least one predetermined break line
which delimits a closure portion that can be removed from the
wall portion under the effect of force in order to expose an
opening or recess, said method comprising steps of:
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producing a semi-finished implant in a production process,

then

clamping the semi-finished implant in a device between

two dies, whereby the implant is supported by a support
element, and the correct orientation of the implant with
respect to said dies is obtained using a guide element
which supports the wall portion surrounding the prede-
termined break line, and then

creating the predetermined break line by reducing the wall

thickness in the wall portion by deforming the material
in the area of the predetermined break line,

wherein during the deforming of the material, the closure

portion is additionally bent concavely.

9. A method for producing an implant comprising at least
one wall portion having at least one predetermined break line
which delimits a closure portion that can be removed from the
wall portion under the effect of force in order to expose an
opening or recess, said method comprising steps of:

producing a semi-finished implant in a production process,

then

clamping the semi-finished implant in a device between

two dies, whereby the implant is supported by a support
element, and the correct orientation of the implant with
respect to said dies is obtained using a guide element
which supports the wall portion surrounding the prede-
termined break line, and then

creating the predetermined break line by reducing the wall

thickness in the wall portion by deforming the material
in the area of the predetermined break line,

wherein the removable closure portion is produced in such

a way that at least one engagement means is formed for
the attachment of an instrument,

wherein the at least one engagement means is a material

projection with an undercut.
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